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© Responsive simultaneous frequency agile radar. 



© A system for transmitting a comb of radar sig- 
nals. The invention includes a phase shifter for shift- 
ing the phase of an input carrier signal. A frequency 
modulation signal is adjusted in amplitude by an 
attenuator 16 and input to a balanced mixer 14. The 
balanced mixer 14 mixes the input carrier signal with 
the attenuated frequency modulation signal. A sum- 
mer 20 combines the output of the phase shifter 12 



with the output of the balanced mixer 14. The sys- 
tem 10 of the present invention provides an inexpen- 
sive means of generating and receiving a complex of 
illuminating signals having a spread spectrum con- 
sisting of lines (teeth) of carrier frequencies with 
controllable power. The system 10 is agile in that the 
power levels and the spectral positions of the teeth 
may be varied. 
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RESPONSIVE SIMULTANEOUS FREQUENCY AGILE RADAR 



BACKGROUND OF THE INVENTION 



Field of the Invention: 

The present invention relates to radar and 
communication systems. More specifically, the 
present invention relates to radar and communica- 
tion systems that are adapted to circumvent inter- 
ference. 

While the present invention is described herein 
with reference to illustrative embodiments for par- 
ticular applications, it should be understood that the 
invention is not limited thereto. Those having or- 
dinary skill in the art and access to the teachings 
provided herein will recognize additional modifica- 
tions, applications, and embodiments within the 
scope thereof and additional fields in which the 
present invention would be of significant utility. 



Description of the Related Art: 

Conventional radar systems operate over a nar- 
row, band at a single carrier frequency. As a result, 
these systems were susceptible to interference. 
Many schemes have been developed to address 
this problem, two of which are the frequency hop- 
ping and spread spectrum schemes. Frequency 
hopping involves the transmission of a block of 
data at one carrier frequency, then "hopping" to 
another carrier frequency and transmitting another 
block of data and so on. 

Unfortunately, when frequency hopping is em- 
ployed, it is difficult, if not impossible, to coherently 
add individual pulses together to improved the 
signal-to-noise ratio. While slow hopping may pre- 
serve the (phase) coherency of the pulses, slow 
hopping is considerably more susceptible to inter- 
ference. 

Conventional spread spectrum systems oper- 
ate at a single carrier over a wide bandwidth. 
However, these systems create many intermoduia- 
tion products. Thus, a considerable amount of pow- 
er may be wasted in spurious sidebands. In addi- 
tion, the coherency of the signals is uncertain. 

Further, neither the conventional frequency 
hopping schemes nor the conventional spread 
spectrum schemes fully exploit the wide bandwidth 
capabilities of current traveling wave tube amplifi- 
ers. 

Thus, a need exists in the art for a radar 
transmitter which is secure from interference, offers 
the performance advantages of phase coherency, 



is power efficient and is capable of taking advan- 
tage of the broad bandwidth of current traveling 
wave tube amplifiers. 

5 

SUMMARY OF THE INVENTION 



The need in the art is addressed by the 

10 present invention which provides a system for 
transmitting a comb of radar signals. The invention 
includes a phase shifter for shifting the phase of an 
input carrier signal. A frequency modulation signal 
is adjusted in amplitude by an attenuator and input 

75 to a balanced mixer. The balanced mixer mixes the 
input carrier signal with the attenuated frequency 
modulation signal. A summer combines the output 
of the phase shifter with the output of the balanced 
mixer. The system of the present invention pro- 

20 vides an inexpensive means of generating and re- 
ceiving a complex of illuminating signals having a 
spread spectrum consisting of lines (teeth) of car- 
rier frequencies with controllable power. The sys- 
tem is agile in that the power levels and the spec- 

25 tral positions of the teeth may be varied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

Fig. 1 is a simplified illustrative implementa- 
tion of the system of the present invention. 

Fig. 2a is a power spectra showing that the 
three frequency bands output by the system of the 
35 illustrative embodiment may be of equal power. 

Fig. 2b is a power spectra showing the three 
frequencies generated by the present invention 
with more power allocated to the center frequency 
and correspondingly less power allocated to the 
40 two sidebands. 

Fig. 3a shows a one-line power spectra. 

Fig. 3b shows the three line power spectra 
provided by the system of the present invention. 

Fig. 3c is a graph of frequency versus time 
45 showing how the frequency of a one line carrier 
can be varied over time. 

Fig. 3d is a graph of frequency versus time 
showing how the frequency of the three line power 
spectra, of the present invention „ can be varied 
so with time. 

Fig. 3e is a graph of frequency versus time 
showing how the frequency of the sidebands might 
be varied over time with respect to a center carrier 
frequency which has a constant frequency. 

Fig. 3f is a graph of frequency versus time 
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showing the result of sweeping the sidebands and 
the carrier frequency simultaneously. 

Fig. 3g is a graph of frequency versus time 
showing the result of sweeping the sidebands only. 

Fig. 3h is a graph of frequency versus time 
showing the result of sweeping the carrier and the 
upper sideband only. 

DESCRIPTION OF THE INVENTION 



Illustrative embodiments and exemplary appli- 
cations will now be described with reference to the 
accompanying drawings. 

A simplified illustrative implementation of the 
system 10 of the present invention is provided in 
Fig. 1. The system 10 includes a 90 degree phase 
shifter 12, a balanced mixer 14, a first attenuator 
16, a second attenuator 18 and a summer 20. An 
input carrier signal from an exciter (basic oscillator) 
or frequency reference unit (FRU) is input to the 90 
degree phase shifter 12 and the balanced mixer 
14. The phase shifter 12 shifts the phase of the 
input carrier signal and produces the center line of 
the output signal. The balanced mixer 14 sup- 
presses the carrier signal and generates first and 
second sidebands. While two sidebands, three 
lines total, are probably optimum, those skilled in 
the art will recognize that more than two sidebands 
can be produced without departing from the scope 
of the present invention. 

The balanced mixer 14 receives a frequency 
modulated (FM) signal through the first attenuator 
16. A particularly novel aspect of the present inven- 
tion is that the modulation index of the balanced 
mixer is controlled by the input FM signal. The 
modulation index of the balanced mixer 14 deter- 
mines the spectral position of the sidebands pro- 
duced by the balanced mixer 14. The first at- 
tenuator 16 provides coarse control of the relative 
amplitude of the sidebands produced by the bal- 
anced mixer. The output of the balanced mixer 14 
is input to the second attenuator 18. Shown as a 
step attenuator, the second attenuator 18 provides 
fine control of the amplitude of the sidebands. 

The summer combines the sidebands from the 
attenuator 18 with the phase shifted carrier from 
the phase shifter 12. The 90 degree phase shifting 
of the input carrier is effective to allow the 
sidebands to be summed with carrier without can- 
cellation and with minimum spurious outband pro- 
ducts. The spectral output of the summer 20 is a 
multiple frequency radar comb which approximates 
an FM signal. As shown in Fig. 1, the center line of 
the output signal is the phase shifted carrier and 
the left and right lines are the sidebands. The 
attenuators 16 and 18 are designed to provide 
sidebands of amplitudes which equal the amplitude 



of the center carrier. Thus, a significant feature of 
the present invention resides in the ability to con- 
trol the allocation of available power between a 
number of simultaneously employed frequencies. 

5 This is illustrated in Figs. 2a and 2b. Fig. 2a shows 
that the three frequency bands output by the sys- 
tem of the illustrative embodiment may be of equal 
power. Fig. 2b shows the three frequencies with 
more power allocated to the center frequency and 

w correspondingly less power allocated to the two 
sidebands. 

In sum, the system 10 generates two 
sidebands from the carrier, phase shifts the 
sidebands and injects the sidebands into the carrier 

75 to provide a carrier with two sidebands instead of 
the single center carrier. The system 10 generates 
the desired frequency spectrum at low power lev- 
els. The output of the summer 20 is input to a 
traveling wave tube (TWT) not shown. 

20 Fig. 3 illustrates the waveform flexibility af- 

forded by the system of the present invention over 
a conventional system. With respect to power 
spectra, Fig. 3a shows a one-line power spectra 
while Fig. 3b shows the three line power spectra 

25 provided by the system of the present invention. 
■ Fig. 3b shows that some power may be generated 
in spurious sidebands 22 and 24. However, judi- 
cious control of the modulation index should be 
effective to mitigate the production of such out- 

30 bands. 

With respect to carrier frequency agility, Fig. 
3c shows how the frequency of a one line carrier 
can be varied over time, while Fig. 3d shows how 
the frequency of the three line power spectra, of 

35 the present invention, can be varied with time. 

Fig. 3e demonstrates line separation agility by 
showing how the frequency of the sidebands might 
be varied over time with respect to a center carrier 
frequency which has a constant frequency. 

40 Figs. 3f, 3g and 3h show FM modulation of the 

carrier frequency, variable sideband spacing and 
simultaneous variation of both parameters, respec- 
tively. That is, these figures show that the system 
of the present invention allows the sidebands and 

45 the carrier frequencies to be swept in frequency. 
Thus, Fig. 3f shows the result of sweeping the 
sidebands and the carrier frequency simultaneous- 
ly. This is achieved by sweeping the input carrier 
frequency. Often referred to as "linear frequency 

so modulation", Fig. 3g shows the result of sweeping 
the sidebands only. This is achieved by sweeping 
the FM signal input to the balanced mixer 14. Fig. 
3h shows the result of sweeping the carrier and the 
upper sideband only. 

55 Thus, the present invention provides multiple 
bands which may be powered, swept or hopped 
independently. 

Thus, the present invention has been described 
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herein with reference to a particular embodiment 
for a particular application. Those having ordinary 
skill in the art and access to the present teachings 
will recognize additional modifications applications 
and embodiments within the scope thereof. s 

It is therefore intended by the appended claims 
to cover any and all such applications, modifica- 
tions and embodiments within the scope of the 
present invention. 

10 

Claims 

1. A system for transmitting a comb of radar 
signals comprising: is 
phase shifter means for shifting the phase of an 
input carrier signal; 

attenuator means for adjusting the amplitude of an 
input frequency modulation signal; 
balanced mixer means for mixing said input carrier 20 
signal with the attenuated frequency modulation 
signal; and 

summing means for combining the output of said 
phase shifter means with the output of said bal- 
anced mixer means. 25 

2. The invention of Claim 1 wherein said phase 
shifter means includes a 90 degree phase shifter. 

3. The invention of Claim 1 including second 
attenuation means for adjusting the amplitude of 

the output of said balanced mixer means. 30 

4. A system for transmitting a comb of radar 
signals comprising: 

phase shifter means for shifting the phase of an 
input carrier signal by 90 degrees; 
first attenuator means for adjusting the amplitude of 35 
an input frequency modulation signal; 
second attenuation means for adjusting the am- 
plitude of the output of said balanced mixer means 
balanced mixer means for mixing said input carrier 
signal with the attenuated frequency modulation 40 
signal; and 

summing means for combining the output of said 
phase shifter means with the output of said bal- 
anced mixer means. 

5. A method for transmitting a comb of radar 45 
signals including the steps of: 

a) shifting the phase of an input carrier sig- 
nal; 

b) adjusting the amplitude of an input fre- 
quency modulation signal; 50 

c) mixing said input carrier signal with the 
attenuated frequency modulation signal; and 

d) combining the output of said phase shifter 
means with the output of said balanced mixer 
means. 55 



4 



EP 0 403 085 A2 




EP 0 403 085 A2 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




0 Publication number: 



0 403 085 A3 



EUROPEAN PATENT APPLICATION 



@ Application number: 90305412.0 
© Date of filing: 18.05.90 



© intClAGOIS 13/24, G01S 13/34, 
G01S 7/282 



© Priority: 14.06.89 US 366816 

© Date of publication of application: 

19.12.90 Bulletin 90/51 

© Designated Contracting States: 
CH DE FR GB IT LI NL SE 

© Date of deferred publication of the search report: 

04.12.91 Bulletin 91/49 



© Applicant: Hughes Aircraft Company 
7200 Hughes Terrace P.O. Box 45066 
Los Angeles, California 90045-0066(US) 

0 Inventor: Thaler, Samuel 
16659 Addison 
Encino, California 91 436 (US) 
Inventor: Johnson, Gordon M. 
6746 N. Corie Lane 
West Hills, California 91307(US) 



0 Representative: Colgan, Stephen James et al 
CARPMAELS & RANSFORD 43 Bloomsbury 
Square 

London WC1A 2RA(GB) 



@ Responsive simultaneous frequency agile radar. 



@ A system for transmitting a comb of radar sig- 
nals. The invention includes a phase shifter for shift- 
ing the phase of an input carrier signal. A frequency 
modulation signal is adjusted in amplitude by an 
attenuator 16 and input to a balanced mixer 14. The 
balanced mixer 14 mixes the input carrier signal with 
the attenuated frequency modulation signal. A sum- 
mer 20 combines the output of the phase shifter 12 



with the output of the balanced mixer 14. The sys- 
tem 10 of the present invention provides an inexpen- 
sive means of generating and receiving a complex of 
illuminating signals having a spread spectrum con- 
sisting of lines (teeth) of carrier frequencies with 
controllable power. The system 10 is agile in that the 
power levels and the spectral positions of the teeth 
may be varied. 
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